The Weibull density function is used to estimate the wind energy potential of fifteen stations at the Inner Mongolia of China. Based on 10 years (1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000) of measured daily average wind speed data, the scale and shape parameters of the Weibull model are estimated and the probability density distributions are derived from the time-series data. The wind energy potential of the stations are also evaluated by the Weibull model.
NOMENCLATURE

INTRODUCTION
The energy structure based mainly on coal caused severe air pollution in China. With the rapidly developing economy, China's energy industry is confronted with dual pressures from energy consumption and environmental protection. In order to have a sustainable development, the government has to take measures to utilize the renewable energy in order to satisfy part of the energy demand in China. Wind energy, as a clean energy source and one kind of renewable energy, is abundant in China. It is reported that in China the overall wind power reserves under 10m height is 3226 million kW, and the practical available storage is 253 million kW. To develop wind power generation is the requirement of reforming energy structure, reducing the dirty discharging, and protecting the environment. The Inner Mongolia lies in the northwest of China and lies near Beijing. Wind electricity there would benefit most separately inhabited herdsmen living in towns and villages far from the national electricity grids and supply good, reliable, and clear electricity for Beijing. The wind energy there is abundant because of high latitude. However the strength of the wind power may not be enough for its economic utilization at every location of Inner Mongolia. To be able to utilize the wind energy source the availability and abundance or distribution of this energy source should be detected [1, 2, 3] . And it is important to verify that the method of analysis being used on the measured wind data will yield the estimated energy collected that is close to the actual energy collected. But the study of wind speed distribution models is very limited in China. Few attempts to develop models, through which the wind distribution can be estimated, have been found in China.
The objective of this paper are the follows: (1) to calculate the wind speed probability density and the wind power density based on the wind speed data of fifteen locations at the most windy province( Inner Mongolia) of China, and (2) to verify the adequacy of the Weibull distribution for describing the wind speed data of the considered stations. This paper will present a preliminary examination of wind potential of Inner Mongolia in China in order to draw attention to the future wind energy projects around the district.
SIMULATION OF WIND POWER 2.1. Probability distribution of wind speed
The monthly-mean wind speed values and the standard deviations can be obtained from the measured data using Eqs.(1) and Eqs. (2):
The probability distributions most widely used are those of "Weibull" and "Rayleigh". The wind speed probability density function of Weibull model is given by the equation [8] [9] [10] [11] :
Where v is the wind speed, k is a shape parameter, and c is a scale parameter determined from the data.
The scale parameter, c , indicates how windy a wind location is, while the shape parameter k, indicates how peaked the wind distribution is(i.e. if the wind speeds tend to be very close to a certain value, the distribution will have a high k value and be very peaked).
The Corresponding cumulative distribution function is
Where F(v) represents the probability for the wind speed to be lower than a certain value v.
In circumstances where k is equal to 2, the Weibull distribution is referred to as Rayleigh distribution. Often wind energy conversion technologies (WECTs) manufacturers provide standard performance figures for their turbines using this special case of the Weibull distribution .One of the most distinct advantages of the Rayleigh function is that the Power Density Distribution can be obtained easily from the mean value of the wind speed. The Rayleigh function has also been widely used to calculate the measured Power Density Distribution.
The main limitation of the Weibull density function is that it does not accurately represent the probabilities of observing zero or very low wind speeds .However, for the purpose of estimating wind potential for the commercial use of wind turbines, this is usually unnecessary as the energies available at low wind speeds are negligible and below the operating range of wind turbines.
Past research has proven that the Weibull distribution function fits a wide collection of recorded wind data [4] [5] [6] . And the precision of the Weibull distribution is adequate [7] .So in this paper, this statistical method is used.
Eq.(4) can also be written as follows: (5) The parameters in the Eq. (5) can be obtained by using the regression method. If the slope is a and the intercept is b , then the shape and scale parameter estimators are k = a , and ĉ = exp(-b/k) .
Once the mean and the standard deviations of the wind speed are known, there is another method to calculate the Weibull parameters and by using the following approximation:
There are also other methods presented in the literature to identify the parameters c and k of the Weibull function, such as the maximum likelihood method, the proposed modified maximum likelihood method and the commonly used graphical method [11] [12] [13] [14] [15] . They used two measures to test the accuracy of each method. In the first measure, each of the methods was applied to estimate Weibull parameters, then compare the estimated Weibull distribution with the distribution obtained from the measured wind speed data. In the second measure, the wind power density calculated from the Weibull model and the measured data were compared. Each author recommended a method to estimate the parameters of the Weibull function for wind energy analysis. But because the regression method is simple and gives acceptable and good results [11] [12] [13] [14] [15] , it is used to calculate the Weibull parameters c and k in this paper.
The mean power density
If the wind power per unit can be expressed as: (8) where P(v) is the power of the wind per unit area(W/m 2 ), ρ is the air density(kg/m 3 ), and v is the wind speed(m/s), then the mean wind power density for the measured data can be calculated by the following equation (9) where P m is the mean power density obtained from measured data (W/m 2 ), f(v i ) is the frequency when the measured wind speed is v i (m/s).
If f(v) is the Weibull density function, then the mean power density for the Weibull function becomes [16, 17] : (10) where P W is the mean power density obtained by the Weibull function (W/m 2 ),and v m is the mean wind speed(m/s) Eqs. (10) can also be expressed as [17] : (11) Note that the gamma function is as follows:
STUDY FOR WIND POWER POTENTIAL ANALYSIS
In this study, a database containing daily measured average value of wind speed at 15 meteorological stations at the Inner Mongolia Autonomous Region of China was obtained from China Meteorological administration. Ten years daily average wind speed data from 1991 to 2000 are used here. The data were captured at 10m height. The general information of the fifteen stations is given in Table 1 . Two data quality control method are used in removing obvious errors in the database of the stations. First, elements extremum check, including (1) daily average wind speed no more than 30m/s (2) daily maximum wind speed less than or equal to 40m/s. Second, consistency check between elements, that is the deference between daily extreme wind speed and the daily maximum wind speed less than 0.1,0.5,1.0,or 2.0m/s. These criteria were used to check the database.
Wind speed probability distributions
The analysis of the time-series has been performed by grouping the daily data month by month at each station. The choice to subdivide the year into monthly periods is due to the fact that calculations of most of the wind system design calculations are performed on a monthly basis and that the wind has a relatively homogeneous behaviour within a month. The average monthly distribution of wind speeds for the stations are reported in Table 2 . Table 3 present the estimates for the shape and scale parameters of the selected six stations by month using the regression method, respectively. It can be seen from the table that the scale parameter, c, varies from 2.492m/s (at August in Huade) to 6.779m/s (at April in Zhurihe), the highest and lowest value appear in the same month with the monthly mean wind speed values. While the shape parameter, k ranges from 1.614(at January in Huade) to 3.449(at May in Zhurihe), indicating that the wind distribution in at January in Huade is comparatively flat and the wind distribution in at May in Zhurihe is peaked. The parameters estimates over the months of different stations varied widely. It indicates very different distribution of wind speed over months at these stations.
The measured data are compared with the Weibull calculated probability density distributions to study the goodness of the Weibull model. The correlations coefficient values are used to measure the suitability of the Weibull model. The third column of each station in Table 3 lists the correlation coefficient valves obtained in fitting the measured probability density distributions of the station with the Weibull function on monthly basis. The coefficient values range from 0.927 to 0.998.The average of the monthly values is 0.981.The high coefficients suggest very good fitness of the Weibull model with the measured probability density distributions. So the Weibull distributions can be used in the computation of the wind power density. That means the Eqs. (10) can be used to estimate the wind power per unit area in this article.
Power density distributions and mean power density
The average power levels calculated by Eqs. (10) are given in Table 4 by station and by month. 
CONCLUSIONS
Wind speed distribution data are essential for the work of energy planners, engineers and agricultural scientists. Knowledge of the statistical properties of the wind speed is essential for predicting the energy output of a wind energy conversion system. In the present study, the yearly wind speed distribution and wind power density across Inner Mongolia of China is firstly evaluated to provide basic information of wind resource, which indicates that there exists outstanding wind resource in the areas. The monthly wind speed distributions, the monthly wind power densities, are estimated as shown in Tables 2,4 and Figs. 1,2 . The Weibull distributions, required for the computation of the wind available energy, represent a good approximation of the actual wind speed probability frequency according to the high correlation coefficient valves and can be used for the determination of the wind turbine characteristics. The values of the k and c parameters of the Weibull distributions computed for the specific six regions are reported in this paper (Table 3) .
